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LM85/LM96000 Evaluation Board User’'s Guide
References

1. LMS85 or LM96000 datasheet.

The latest copy of the LM85 or LM96000 datasheet can be obtained by going to
the National Semiconductor website www.national.com. Search for “LM85” or
“LM96000”, and then download the LM85.pdf or LM96000.pdf file.

2. SensorEval Version 1.06 or later, Evaluation Board CD containing:
a. The SensorEval.exe executable program used to run the LM85/LM96000
Evaluation Board.
b. A softcopy of this User’s Guide
c. A readme.txt file with useful information about the program.
d. A softcopy of the SensorEval Software manual.
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1.0 Introduction

The LM85/LM96000 Evaluation Board is used
together  with National Semiconductor
SensorEval software (provided in the kit), and
with a USB cable (not provided in the kit), and
with an external personal computer (PC).
Power to the LM85/LM96000 Evaluation Board
is provided by the +5VDC line of the USB
connection. An external power supply for fan
power is required for operation of the
LM85/LM96000 Evaluation Board with the 3-
terminal DC fans. The third terminal of the fan is
the open-collector fan tachometer (tach) output.
It is recommended that the user only use 2 fans
at a time to avoid overloading the USB's 5 V
line. See the operational details in this user's
guide.

Before connecting the PC to the
LM85/LM96000 Evaluation Board through the
USB cable, the PC is first turned on and allowed
to go through its boot-up procedure. The user
installs and initiates the SensorEval software.
See Section 4.0 for details.

After the SensorEval software is running, the
user can connect the USB cable first to the

1.1 Block Diagram

computer and then to the LM85/LM96000
Evaluation Board.

The PC should be able to recognize the USB
board and install the driver from the software.

The block diagram below describes the
LM85/LM96000 Evaluation Board itself. The
USB input provides the +5.0 VDC power to the
board, which is regulated down to 3.3 VDC to
power the IC’s on the board. The EEPROM is
programmed at the factory with a unique ID
code for this particular board. When the USB
cable is plugged in, the PC interrogates the
USB devices and can identify this device as the
LM85/LM96000 Evaluation Board.

The microcontroller on the board provides the 2-
wire serial clock (SC), and serial data (SDA)
signals, and relays the information from the
LM85/LM96000 to the PC via the USB lines.

Appendix A provides details for each of the
connectors and test points and their function.

Read this user’s guide completely before using
the LM85/LM96000 Evaluation Board.
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2.0 Quick Start

1.

x

Install the CD into the CD drive of the
computer and install the SensorEval
software (see Section 4.0).

Hookup the USB cable between the PC or
notebook computer as shown in the Quick
Start Diagram in Section 2.1.

Run the SensorEval software by clicking on
the icon on the desktop. LM85 Example: the
first screen should look like this:

Selectthe desired hardware

{* L85 Evaluation Board
{ LMB5 ICHx Interface

{ LMB85 Mo Hardware

Anather
Device

4.

Select the Evaluation Board radio button.
Click OK.

The next screen will look like this:

I

File Device Help

[¥ ‘white On Change

Reg File Start | Start | Read
¥ FRead After Write

12C Addr Ige - Flot Log Regs

(2078 205 | 4041 | 4247 | 4857 s66F | 6048 | 6775

Read frite
~ Cant Reas

tadr | Attr | Register Bit Field Register Bits [click) Hex | Bit Field Value
200R |25 1/al1/1]1|o1]o ﬁ 2.42 |\
2[R |Veep 0101 1010 [E) 1.06] 4
2[R |2 11jojojooolo) [ 330y
E G ES 1[of1[tf1]1|1]1|Ber] 497y
EIGHEES t1joooool [&7 [ 20
25|R | Processor [Zoned) Temp 00010110 lﬁ l—zz Deal
26|R | intemal ZoneZ) Temp CIGTGIEY EYGIEACE (| e
2Z7|R |Remate [Zone3] Temp o001 0111 F |—23 DegC
23[R [Tacki MSB nooo oot o 2214 RPM
28|R | Tachi LB tooo o (il [&
R |Tach Mode 1] B [Most acourate reading =]
28|R  |Tach2 MsB oojgoftoo] [oa | [ 2225 |ew
24(R  [TachzLsB o111 1ofifl [
R |Tach2 Mode 1] BE [Most scourste rescing =]

Select the Read Continuous (Cont) box to

refresh the data continuously. Note that the
© Copyright 2004 National Semiconductor Corporation 5

temperature readings of the 3 zones (the
internal temperature of the temperature
sensor device, or the temperature of one of
the MMBT3904’s). Notice the DC voltages on
the voltage monitoring registers and pins.
(See the Schematic in Section 5.2). The
“12V” pin is connected to the Fan+ Voltage.
This screen also shows the Fan 1 and Fan 2
tachometer readings if the fans are
connected and the power is on.

5. For the user to be able to change the
register settings click on the 40-41 tab. For
Register 40 “START”, select “Register Limits”

from the pull-down menu.
[2]LM85 Evaluation Board P ] 3|

File Device Help

RegFile: Start | Stark | Read | f7 Read e [¥ “wiite On Change

iZCady [z ] _Plet Log Regs Cont  Fede | [ ReadAfterWite

2028 | 203F {4041 4247 | 4857 | 585F | 6056 | 6775 |

Eadr | sttr | Register Bit Field Register Bits (click) Hex | Bit Field Yalue

40| Fw | 0vRID DEEE “BEE |5 | 0wt ru overide =]
R |READY .l.l .1 . Feady -
A | LOCK. m
P | TART

Register Limits A

411R | Status Register 2 Emar
R |Zone3 Limit Exceeded
R |<Zone2 Limit Exceeded
R |Zaonel Limit Exceeded
R |8 Enor

R |33 Emar

R |Ycep Emor

R |28/ Emor
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2.0 Quick Start (continued)

6. For direct control of the fans click on the
58-5F tab. For Registers 5C, 5D, and
5E, change the “Fan on Full Always” to
“Fan Control Manually (test)” for each

one.
MLMSS Evaluation Board =10)=]
File Device Help
PeaFik Start | Start | Read I Fead  wife | [ Wike On Change
iZCedy [z ] Pt Log Regs | ™ Cont  Feo: | 7 ReadAfterWite
2028 | 203F | 4041 4247 | 4857 [585E ] soee| 6775 ]
Eadr | Stk | Register Bit Field Reugister Bits [click) Hex | Bit Field Value
53 A [ T ach3 Minimum M5B 111111101 [fF [T ORPM r
58| R | Tach3 Minimum LSB 11111111 IE
58 | A [ Tachd Minimum MSE 11111111 [fF [T 0RpM 4 C
56| A | Taché Mirimur LSE 11111111 [fF
5C| AW [Fen CorfigZanetode | 11 1 [ EEIAE [e2 | [Fan contiol manualy es =]
R | Fan1 Config P Invert [N [ ] W
AW | Fani Config Spin Up 11T e [Bomsee =]
50| P [ Fan2 Corfigzonetode | 11 1 (6 EEIEE [E2 | [Fan contel mamualy s =
A [Fan2 Config Pk Invert | I I [High Pt Oupt =]
R/ | Fan2 Config Spin Up 1T [ Er|
5t | R [ Fan3 Config ZoneMode 111 Q EEEE [Ez | [Fan contol manualy ftes =]
R/ | Fan3 Config Pw/M Invert IIID IIII IW
R\ | Fan3 Corfig Spin Lp [T T e [omec =]
5F | Bt | Zonel Range 1100 Eﬁﬂ Ia lm'
R | Fan1 P Frequency ...I . 100 lﬁ

7. Select tab 2C-3F and change Registers
30, 31 and 32, the PWM Duty Cycle, to

manually change the speed of each fan.
Register 32 controls fans 3 and 4.

[2]LM85 Evaluation Board
File Device Help

ReqFile:

iZCady [z ] Pt

Start |

Start Read
Log Regs

Read
2 Cont

=101 x|
wite | M wiite On Change
Feos | W Read Afterwiite

2028 205 | 4041 | 4247| 4857 | 585 | 6066 | 6775

Eadr | sttr | Register Bit Field Register Bits [click) Hex | Bit Field Value
D[R [TachamsE ooopltoon g |[ 22 rew
2|R  [TachiLsE 1101 1ol o5

R | Tachd Made Inn:: [Most accurate reacing =]
2[R |Tachd M5B oooa 1ooo fos 2330 M
ZE|R | Tachd LSE 1101 EIEI Jo3

R | Taché Mode 111 B [Mast accurate reacing =]
30| A [ Fant Current PuM Doty oo1t 1111 [ | == <[ ¢
31| R [ Fan2 Current Fta/M Duty o111 1111 [ [ oz 4 ’
32| R | Fan3 Current Fia/M Duty o111t 1111 [F | B0z 4 3
E[R [company D 0o0m/ 0001 [or | [Natonsl Semeonductor =]
IR |Version o110 EEE IE l—E

R | Stepping High ...I Dl.l m

R | Stepping Low |—2
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Notice that Registers 2D and 2C shows

the tach RPM value for Fan 3, and
Registers 2E and 2F show the value for the

tach RPM value for Fan 4.

8.

The user may experiment with all of the
combinations of the other registers,
setting limits and discovering how the
registers affect the performance. The
entire matrix of test combinations is
beyond the scope of this user’s guide.

www.national.com



2.0 Quick Start (continued)

9.  One of the features of the SensorEval
software is the plotting feature. If the user
clicks on the Start Plot button a graph box
will appear and will graph the temperatures,
Voltages, RPM, and % Duty Cycle. An
example of the four plots is shown below.
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10. The user can change the time interval for
the data to be taken. Simply select File, then
Set Read Time, and the following block will
appeatr.

Muodify Read/Log Time x|

todify Fead/Log Time In Seconds
Walid Range [z 0.1 Ta 1 Second

Cancel |

When the user makes the selection and clicks
on OK that interval is set from that time on while
the program is running.

11. If the user clicks on the Start Log button the
screen shown below will appear. The user
selects the directory that the datafile is to be
written into and the filename. When “Open” is
clicked the data is taken and logged into the
datafile at whatever rate is set in the Set Read
Time menu.

Open Log File 21|

Look in: |1 mas x| = m ok E-

File name: Ililenameltxt j DOpen
Files of tupe: Lo fles [+t ng) =l Cancel

www.national.com



2.1 Quick Start Diagram

Important! An EXTERNAL POWER SUPPLY is required for operation of the fans!

WARNING! Use only 2 fans at a time during the tests to avoid overloading the +5V line coming from
the USB terminal. It is suggested that the user use either Fans 1 and 2, or Fans 3 and 4, during the
tests. Fans may be of the 5 volt or 12 volt 3-terminal variety but the current rating of each fan must be

under 200 mA.
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Figure 2.1.2 Wiring Diagram showing Hookup of the LM85/LM96000 Evaluation Board
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3.0 Functional Description

The LM85/LM96000 Evaluation Board, along
with the SensorEval Software, provides the
system designer with a convenient way to learn
about the operation of the LM85 or the
LM96000 Temperature Sensor chip. The user
simply has to install the SensorEval software on
his PC, run it, connect the USB cable from the
PC to the Evaluation Board, and the user can
read temperatures, experiment with fan control,
and set limits all according to the latest
datasheet. It's that simple! The user has to
provide the +5 or +12 VDC, depending on the
fan’s rated voltage, from an external power
supply, to the Fan Power input connector of the
evaluation board.

Power to the LM85/LM96000 Evaluation Board
is taken from the USB 5-Volt line. This +5VDC
is the input to the on-board LM2950 low dropout
voltage regulator, which regulates the output
voltage to +3.3 VDC. This output voltage

powers the LM85 or LM96000, the on-board
microcontroller, the EEPROM chip where the
board ID information is stored, and some of the
fan driver circuitry. The fan tachometer outputs,
all open-drain, are pulled up with resistor to the
Fan Power voltage and then voltage divided
down to acceptable voltage input levels for the
LM85 or the LM96000 “Tach” inputs.

The external 3-terminal DC fans are either +5V
or +12 VDC brushless DC fans with a rated
current of 200 mA or less. Fans 1 and 2 are
controlled independently. Fan 3 and 4 are
driven by the same PWMa3 signal from the
device.

The microcontroller provides the two-wire
SMBus communications to the LM85 or
LM96000. For all of the details of this
communication protocol see the latest LM85 or
LM96000 datasheet, available at
www.national.com.

3.1 LM85/LM96000 Evaluation Board Connection Table

See Appendix A for the description of all Connectors and Test Points, their function and requirements.

© Copyright 2004 National Semiconductor Corporation
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4.0 Software Installation and Operation
4.1 Installation

The CD provided in the LM85/LM96000 Evaluation
Board Kit contains the SensorEval software used to
make the LM85 or LM96000 Evaluation Board operate
with the user’s PC. It is assumed that the user will be
using a PC with a Pentium® 1l or higher processor and

Microsoft Windows® XP/2000/98/ME operating system.

The software is installed as follows:

4.2 Operation

Follow the following procedure for operating the
LM85/LM96000 Evaluation Board using the SensorEval
software:

1.

Run the SensorEval program by either double-
clicking on the icon on the desktop or by
selecting Start, Run, and browse to find the
SensorEval.exe file.

Plug in the USB cable on both the PC and the
LM85/LM96000 Evaluation Board.

1. Insert the SensorEval CD into the CD drive of
the PC. See details in the readme.txt file.

2. The software manual, provided on the CD, may
be useful to the user during this process.

3. The installation process will put an icon on the
PC desktop so that the SensorEval program will
run when the icon is double-clicked.

© Copyright 2004 National Semiconductor Corporation 10

Follow the register setup steps given in Section 2.0
Quick Start of this User’s Guide. Make sure that you are
following the given procedure for the specific evaluation
board you are working with.

Refer to the electrical schematic, layout and connector
diagrams for proper connections to external remote
thermal diodes.

www.national.com



5.0 Electrical and Mechanical Specifications

5.1 Electrical Specifications

Power Requirements

The Board uses the +5.0 VDC and GND lines from the USB connection. +5.0+0.1V,
This +5.0 VDC voltage is regulated down to +3.3 VDC for board power. 100 mA max.

+5.0+0.1V, or

Fan Power — External Power Supply set to +5 VDC or +12 VDC, whichever +12.0+01V,

the fan voltage rating is. Each fan must be rated at 200 mA or less.

* USE ONLY 2 FANS AT A TIME — Either Fans 1 and 2 or Fans 3 and 4. * | 900 mA max
5.2 Electrical Schematic
T
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Page 1 of 2 Pages of the Schematic of the LM85/LM96000 Evaluation Board
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5.2 Electrical Schematic (continued)
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Page 2 of 2 Pages of the Schematic of the LM85/LM96000 Evaluation Board
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5.3 Evaluation Board Layout
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Figure 5.3 Layout diagram of the LM85/LM96000 Evaluation Board
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5.4 Bill of Materials for LM85/LM96000 Evaluation Board

Iltem | Quantity Reference Part

1 11 C1, C2, C3, C4, C6, C8, C12, C13, C14, | Capacitor, Ceramic, 0.1 uF

Ci16, C18

2 2 C9, C10 Capacitor, ceramic, 33 pF

3 5 C5, C7, C11, C15, C17 Capacitor, electrolytic, 2.2 uF

4 2 C19, C20 Capacitor, ceramic, 100 pF

5 1 D1 Diode, Rectifier, 1N4003

6 1 D2 Diode, Zener, 17V, ZMM5247/DO2113AA/17V

7 1 J1 Connector, USB-B

8 2 J2,J6 Header, 1X4, 0.1 in centers

9 1 J3 Header, 1X2, 0.1 in centers

10 1 J4 Header, 1X5, 0.1 in centers

11 4 J5,J7,J9,J12 Header, 1X3, 0.1 in centers

12 2 Jg, J10 Header, 2X2, 0.1 in centers

13 1 J11 Header, 1X7, 0.1 in centers

14 1 L1 Filter, 1uH, Stewart MI1206K900R-00

15 4 Q1, Q2, Q5, Q7 MMBT2222A/SOT Transistor, NPN

16 3 Q3, Q4, Q6 MMBT3904/SOT Transistor, NPN

17 2 R1, R3 Resistor, SMT, 1M, 0805

18 1 R2 Resistor, SMT, 100k, 0805

19 4 R4, R7, R8, R10 Resistor, SMT, 1.5 k, 0805

20 2 R5, R6 Resistor, SMT, 22 Ohm, 0805

21 1 R9 Resistor, SMT, 0 Ohm, 0805

22 2 R11, R34 Resistor, SMT, 4.3k, 0805

23 2 R12, R17 Resistor, SMT, 430 Ohm, 0805

24 9 R13, R14, R18, R19, R22, R23, R29, R30, | Resistor, SMT, 2k, 0805

R35

25 4 R15, R20, R24, R32 Resistor, SMT, 10k, 0805

26 4 R16, R21, R25, R31 Resistor, SMT, 13k, 0805

27 2 R26, R28 Resistor, SMT, 620 Ohm, 0805

28 2 R27, R33 Resistor, SMT, 36 Ohms, 0805

29 11 TP1-TP11 Test Point (Header, 1X1) for Ground

30 1 Ul IC, Voltage Regulator, National LP2950CDT-3.3
31 1 U2 IC, Microcontroller, Cypress CY7C64613-52NC
32 1 U3 IC, EEPROM, Atmel AT24C02-10SI-2.7

33 1 U4 LM85/LM96000CIMF Device Under Test (DUT)
34 1 Y1 Crystal, 12 MHz, Pletronics 2S1200G140

35 1 -- Circuit Board, Fabricated, LM85/LM96000

Evaluation Board, Rev. 1
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5.5 Mechanical Specifications

5.5.1 LM85/LM96000 Evaluation Board Basic Dimensions

\

Wwo 0T 9/ul OF°¢ 4>‘ <— W Gy'0/ul GLT°0

Wwd 66°9/uUl G/°¢

4.00in/10.2 cm

0.175 in/0.445 cm ——» '<7 3.65 in/9.27 cm ﬂ
Drill Thru —

#30 for 4-40 W

screw O O

clearance fit
(4 Places)

A

O O

5.5.3 Electrostatic Discharge (ESD) Precautions

The user shall use ESD precautions as specified in National Semiconductor ESD control document (SC)CSI-3-038
available through www.national.com.
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APPENDIX A

LM85/LM96000 Evaluation Board Connectors and Test Points

J1 USB-B Connector

PIN# | NAME DESCRIPTION

1 VBUS +5 VDC on USB Bus

2 USBD- USB Signal Input

3 USBD+ USB Signal Input

4 GND System Ground

5,6 Shell Connected to ground through a 1 Meg Resistor

J2 SMBus Test Connector — 1X4 Header

PIN# | NAME DESCRIPTION

1 +3.3V +3.3 VDC chip supply

2 SCL Serial Clock signal on the SMBus

3 SDA Serial Data signal on the SMBus

4 GND System Ground

J3 Fan Power Connector — 1X2 Header

PIN# | NAME DESCRIPTION

1 Fan V+ +5 or +12 VDC supply as required by the fans

2 Fan V- Return line for the Fan supply. Connected to system
ground.

J4 VID Signals Test Connector — 1X5 Header

PIN# | NAME DESCRIPTION

1 VIDO Voltage ID signal 0
2 VID1 Voltage ID signal 1
3 VID2 Voltage ID signal 2
4 VID3 Voltage ID signal 3
5 VID4 Voltage ID signal 4

J5 Fan 1 Connector — 1X3 Header

PIN# | NAME DESCRIPTION

1 Fan 1 Tach For 3-terminal fans — Open collector tach out — usually
a yellow, green, or blue lead.

2 Fan 1 V+ +5 or +12VDC required fan voltage
—red lead

3 Fan 1 GND Fan Voltage return — black lead

J6 Voltage Monitors Test Connector — 1X4 Header

PIN# | NAME DESCRIPTION

1 5V Connected to the USB +5V input for chip input.

2 12v Connected to the Fan Power V+ input for chip input.

3 2.5V Connected to a voltage divider for chip input.

4 VCCP Connected to a voltage divider for chip input.
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APPENDIX A (Continued)

LM85/LM96000 Evaluation Board Connectors and Test Points

J7 Fan 2 Connector — 1X3 Header

PIN# | NAME DESCRIPTION

1 Fan 2 Tach For 3-terminal fans — Open collector tach out — usually
a yellow, green, or blue lead.

2 Fan 2 V+ +5 or +12VDC required fan voltage
—red lead

3 Fan 2 GND Fan Voltage return — black lead

J8 Remote Temperature Diode Input 1 Connector — 2X2 Header

PIN# | NAME DESCRIPTION

1 D1- Connect to cathode of D1. Shunt 1 and 2 to connect Q3 cathode
to Remote 1-.

2 Remote 1- DUT input from remote diode cathode.

3 D1+ Connect to anode of D1. Shunt 3 and 4 to connect Q3 anode to
Remote 1+.

4 Remote 1+ DUT input from remote diode anode.

J9 Fan 3 Connector — 1X3 Header

PIN# | NAME DESCRIPTION

1 Fan 3 Tach For 3-terminal fans — Open collector tach out — usually
a yellow, green, or blue lead.

2 Fan 3 V+ +5 or +12VDC required fan voltage
—red lead

3 Fan 3 GND Fan Voltage return — black lead

J10 Remote Temperature Diode Input 2 Connector — 2X2 Header

PIN# | NAME DESCRIPTION

1 D2- Connect to cathode of D2. Shunt 1 and 2 to connect Q3 cathode
to Remote 2-.

2 Remote 1- DUT input from remote diode cathode.

3 D2+ Connect to anode of D2. Shunt 3 and 4 to connect Q3 anode to
Remote 2+.

4 Remote 1+ DUT input from remote diode anode.

J11 Tach and PWM Test Connector — 1X4 Header

PIN# | NAME DESCRIPTION

1 TACH1 Pulled up, and voltage-divided, Fan 1 tach output.

2 TACH2 Pulled up, and voltage-divided, Fan 2 tach output.

3 TACH3 Pulled up, and voltage-divided, Fan 3 tach output.

4 TACHA4 Pulled up, and voltage-divided, Fan 4 tach output.

5 PWM1 Pulled up open-collector output of DUT to Fan 1 driver circuit.

6 PWM2 Pulled up open-collector output of DUT to Fan 2 driver circuit.

7 PWM3 Pulled up open-collector output of DUT to Fan 3 and Fan 4 driver circuit.
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APPENDIX A (Continued)
LM85/LM96000 Evaluation Board Connectors and Test Points

J12 Fan 4 Connector — 1X3 Header

PIN# | NAME DESCRIPTION

1 Fan 4 Tach For 3-terminal fans — Open collector tach out — usually
a yellow, green, or blue lead.

2 Fan 4 V+ +5 or +12VDC required fan voltage
—red lead

3 Fan 4 GND Fan Voltage return — black lead

TP1 - TP11 Ground Connector — 1X1 Header

PIN# | NAME DESCRIPTION

1 GND System ground.
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BY USING THIS PRODUCT, YOU ARE AGREEING TO BE BOUND BY THE TERMS AND CONDITIONS OF
NATIONAL SEMICONDUCTOR'S END USER LICENSE AGREEMENT. DO NOT USE THIS PRODUCT UNTIL YOU
HAVE READ AND AGREED TO THE TERMS AND CONDITIONS OF THAT AGREEMENT. IF YOU DO NOT AGREE
WITH THEM, CONTACT THE VENDOR WITHIN TEN (10) DAYS OF RECEIPT FOR INSTRUCTIONS ON RETURN OF
THE UNUSED PRODUCT FOR A REFUND OF THE PURCHASE PRICE PAID, IF ANY.

The LM85/LM96000 Evaluation Boards are intended for product evaluation purposes only and are not
intended for resale to end consumers, are not authorized for such use and are not designed for
compliance with European EMC Directive 89/336/EEC, or for compliance with any other
electromagnetic compatibility requirements.

National Semiconductor Corporation does not assume any responsibility for use of any circuitry or
software supplied or described. No circuit patent licenses are implied.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN
LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF
THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices 2. A critical component is any component in a
or systems which, (a) are intended for life support device or system whose failure to
surgical implant into the body, or (b) perform can be reasonably expected to cause
support or sustain life, and whose failure to the failure of the life support device or system,
perform, when properly used in accordance or to affect its safety or effectiveness.

with instructions for use provided in the
labeling, can be reasonably expected to
result in a significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-
111S2) and contain no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor Europe National National Semiconductor
Corporation Customer Support Center Semiconductor Japan Customer Support
Americas Customer Support Fax: +49 (0) 1 80-530 85 86 Asia Pacific Customer Center
& National Center Email: europe.support@nsc.com Support Center Tel: 81-3-5639-7560
Y W f) g Tel:  1-800-272-9959 Deutsch Tel: +49 (0) 699508 6208 Fax: 81-3-5639-7507
;:if::?;{qgr:jf:::‘;{g:r Email: new.feedback@nsc.com English Tel: +49 (0) 870 24 0 2171 Email: Email:
h ; S Frangais Tel: +49 (0) 141 91 8790 ap.support@nsc.com jpn.feedback@nsc.com

National does not assume any responsibility for any circuitry described, no circuit patent licenses are implied and National
reserves the right at any time without notice to change said circuitry and specifications.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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